Lysophosphatidylcholine (LPC) and other phosphoglycerides stimulated waterinsoluble and water-soluble glucan production by the Streptococcus mutans 6715 dextransucrase (EC 2.4.1.5). LPC stimulated crude extracellular dextransucrase 1.7-fold, the water-insoluble glucan-producing a form of the enzyme 6.5-fold, the water-soluble glucan-producing ,B form of the enzyme 2.1-fold, and the cellassociated dextransucrase 2.0-fold. Kinetic (1, 15, 23, 31, 32, 40) . However, there are few reports of bacterial glycosyltransferases that respond to the presence of phospholipids (8, 35, 36) . Previous studies with the Streptococcus mutans 6715 dextransucrase (EC 2.4.1.5) have shown that this enzyme activity exists in cultures both extracellularly and firmly associated with the cell surface (18, 29, 42) . In this communication we demonstrate that both the extracellular and cell-associated S. mutans dextransucrase activities can be markedly stimulated by phosphoglycerides and discuss the possible mechanism and significance of this effect for the functioning of this enzyme.
Recent investigations have demonstrated that mammalian cell glycosyltransferase enzymes that are cell surface associated in their natural state may require the presence of a phospholipid for maximum catalytic activity (1, 15, 23, 31, 32, 40) . However, there are few reports of bacterial glycosyltransferases that respond to the presence of phospholipids (8, 35, 36) . Previous studies with the Streptococcus mutans 6715 dextransucrase (EC 2.4.1.5) have shown that this enzyme activity exists in cultures both extracellularly and firmly associated with the cell surface (18, 29, 42) . In this communication we demonstrate that both the extracellular and cell-associated S. mutans dextransucrase activities can be markedly stimulated by phosphoglycerides and discuss the possible mechanism and significance of this effect for the functioning of this enzyme.
MATERIALS AND METHODS
Bacterium and growth conditions. S. mutans 6715 was obtained from Susan Michalek. Purification of dextransucrase from this strain by techniques previously presented (4, 17) revealed that it produced the various enzyme activities in ratios identical to those from the 6715 strain routinely used in these laboratories.
The cells used for studying the cell-associated dextransucrase were prepared as described previously (38) , except that in one experiment the pH of the culture was maintained at 6.0 by periodic addition of 1 N sodium hydroxide.
Dextransucrase preparations. Most of the experiments presented in this report were performed with dextransucrase obtained from S. mutans 6715 by ammonium sulfate fractionation of cell-free culture supernatants and Bio-Gel column chromatography as described previously (17) . The Bio-Gel enzyme preparation had a specific activity (17) of 3.1. Several studies were performed with the a and ,8 forms of the enzyme, which were prepared by ion-exchange column chromatography and which produced water-insoluble and water-soluble glucans exclusively (17) . The specific activities of the a and Ii preparations were 4.9 and 8.9, respectively.
Dextransucrase assays. The basic assay system for quantitating total alcohol-insoluble glucan production from ['4C]sucrose has been described in detail (19) . In the present study, activity was normally monitored by incubating 25 1p of sucrose-containing reaction mixture. During incubation at 370C, four 25-,ul aliquots were removed at various times, placed on paper disks, and processed for quantitation of radioactive glucan as described previously (19) . All assays were performed in the presence of T10 primer dextran at a concentration of 20 LM (16) .
Separation by centrifugation and quantitation of water-soluble and water-insoluble glucans produced during dextransucrase assays were performed as described previously (17) . The measurement of cell-associated dextransucrase activity was performed as described previously (38) .
Other procedures. L-a-Lysophosphatidylcholine (LPC) preparations from egg yolk, bovine liver, and soybean and synthetically prepared LPC containing either lauric, myristic, or palnitic acid were obtained from Sigma Chemical Co., St. Louis, Mo. Before use, the phosphoglycerides were dissolved in 0.05 M sodium acetate buffer (pH 5.5) at a concentration of 5 mM.
L-a-Phosphatidylethanolamine (PE) made from egg lecithin (13 mg/ml of hexane-ethanol, 9:1), L-a-phosphatidylserine (PS) from bovine brain (7 mg/ml of benzene), and L-a-phosphatidylinositol (PI) from soybean (6 mg/ml of hexane-ethanol, 9:1) were obtained from Avanti Biochemicals, Inc., Birmingham, Ala. These phosphoglycerides were diluted to a concentration of 5 incubation, LPC increased water-insoluble glucan synthesis by the purified a enzyme 6.5-fold and water-soluble glucan synthesis by the A enzyme 2.1-fold. These enhanced levels of stimulation of a and 1B, in comparison with the BioGel enzyme, may reflect the less aggregated state of these forms of the enzyme (17) . As indicated below ( Fig. 3 and 4) , the 1 mM concentration of LPC in this study was sufficient to give maximal stimulation of enzyme activity. Table 2 presents results obtained when the effect of LPC on the cell-associated dextransucrase activity of two different cell preparations was determined. At a concentration of 1 mM, the phosphoglyceride stimulated glucan accumulation 1.9-fold. Time course studies performed under similar conditions demonstrated that glucan synthesis by the cell-associated enzyme was directly related to incubation time for a minimum of 60 min (data not shown).
LPC and dextransucrase kinetics. (Fig. 4, inset) .
Comparison ofLPC from various sources. The Bio-Gel, a, and II enzymes were present at 20, 20, and 12 pg ofprotein per ml, respectively. system in which all of the compounds were soluble ( Table 3) . None of the compounds, individually or in appropriate combinations, caused an increase in enzyme activity. Intact LPC molecules were essential for stimulation of glucan production from sucrose.
Primer dextran and LPC. Figure 5 (Fig. 6 ) that the enzyme responded to the presence of the primer. Conversely, when dextransucrase was incubated with excess primer and then allowed to make glucan from sucrose, it was shown (Fig. 7) that the enzyme responded to the presence of LPC. have demonstrated that lipid-enzyme interactions may have a profound modulating effect on catalytic function (6, 7, 10, 12) . Addition of phosphoglycerides that are normal components of bacterial membranes (2, 7) to the S. mutans dextransucrase causes stimulation of both watersoluble and water-insoluble glucan production from sucrose (Fig. 1, Table 1 ). LPC was shown to stimulate the various forms of the dextransucrase (Fig. 2, Table 2 ), and intact LPC molecules appeared to be required for the effect (Table 3). Although activation of bacterial enzymes by lipids has been observed by many investigators (see reference 12) , there are only a few reports of the effect of lipids on bacterial glycosyltransferases (8, 35, 36) . Our preliminary observations with the S. mutans dextransucrase emphasize the importance of examining such interactions by bacterial enzymes that are found associated with the cell surface and/or excreted into the surrounding environment.
It appears that the interaction of dextransucrase with phospholipid causes an elevation of the maximum velocity of the enzyme with no modification of its affinity for the sucrose substrate (Fig. 3) . This observation is consistent with previous work with numerous lipid-activated enzymes in which effects of lipids on the Km of the enzymes were sometimes observed and increases in maximum velocity were consistently demonstrated (12) . This lack of effect of LPC on the affinity of dextransucrase for sucrose and the observation that the phosphoglyceride does not alter the ability of the enzyme to be primed with dextran ( Fig. 5 to 7 ) support the proposal that LPC interacts with dextransucrase at a site distinct from either the glucosyl donor site or glucosyl acceptor site. These results support the findings of Burckhardt and Guggenheim (3) , who presented data suggesting the presence of additional binding sites on the dextransucrase that could interact with molecules capable of stimulating enzyme activity.
Detailed studies on the lipid-activated galactosyltransferase of Salmonella typhimurium (8, 35, 36) have demonstrated that the phospholipid component functions by interacting with the lipopolysaccharide acceptor rather than the enzyme. The stimulation of dextransucrase by LPC in the absence of exogenous primer (Fig. 5) indicates that a similar mechanism is probably not working in our system. Although the possible presence of endogenous acceptor in the enzyme The results obtained when the response of dextransucrase to increasing concentrations-of LPC was studied (Fig. 4) are important for several reasons. First, the response to LPC was sigmoidal. This effect is typical of many lipidactivated enzymes and has been proposed to reflect stabilization of active protein conformation (10, 11, 12) . Burckhardt and Guggenheim (3) have proposed that stimulation of dextransucrase results from formation of a more stable enzyme conformation in the presence of activating molecules. However, the large number of potential mechanisms by which phospholipids may influence enzyme activity (6, 10, 12) and the complexity of the glucan-metabolizing enzymes of S. mutans (5, 17) indicate that further studies on the mechanism of dextransucrase stimulation will be required to clarify the role of the various interacting components.
The high affinity of LPC for dextransucrase (Fig. 4) may be important for future attempts to determine the functioning of this enzyme in promoting the cariogenicity of S. mutans. Because the polar hydrophilic head and nonpolar hydrophobic hydrocarbon tail of phosphoglycerides give these molecules unique physical properties, the association of dextransucrase with phospholipids during or after excretion from the S. mutans cell could partially explain the highly aggregated state of the enzyme in culture fluids (13, 14, 20, 24, 25, 33) , the multiple forms of the enzyme routinely found during purification (5, 17) , the variations in the forms of the enzyme produced under different growth conditions (22, 39, 42) , and the ability of partially purified enzyme to attach specifically to the S. mutans cell surface (41) . In addition, the stimulation of dextransucrase by serum and oral secretions (3, 9, 14, 26, 27, 37) could involve interactions with the phospholipids known to occur in these fluids (21, 30, 34) . Thus, it would appear that many of the observations previously made during studies on the S. mutans dextransucrase reflect a natural relationship between enzyme and phospholipid. The frequency and functional consequences of this type of interaction in mammalian and some bacterial enzyme systems and the results presented in this manuscript support this proposal.
